The influence of thermal regime upon community-level growth rates and voltinism was estimated for larval Chironomidae inhabiting litter accumulations in four streams located in an Appalachian Mountain basin. Groups of larvae were confined in growth chambers and incubated in situ at time intervals representing the observed range of annual thermal variation. Estimates of daily growth rates (g) were derived from change in average length over the incubation period. Using multiple regression, I found temperature and larval size to have significant positive and negative effects on g, respectively. Equations derived for each stream described a substantial proportion of the variance among observed g values (R 2 = 0.71-0.82) but did not differ significantly. Therefore, the data from all streams were combined to derive a single general equation which, along with larval size distribution, biomass, and temperature data, was used to model the variation in annual biomass turnover (G) and hypothetical size-dependent voltinism among the study streams. Size distribution of larvae did not differ significantly among streams and variation in G (range = 12.8-18.6) was attributed primarily to variation in thermal regime. Differences in voltinism were predicted to be minor but were closely dependent on both terminal size of larvae and thermal regime. The model provides evidence that spatial variation of G on the order of 31% can be expected for midge communities within a <30 km 2 area of this Appalachian Mountain basin.
Geographic variation of thermal regime (sensu Ward 1985) may influence growth, production, and voltinism among invertebrate populations inhabiting different streams (e.g. Harper 1973; Newell and Minshall 1978; Sweeney 1984; Sweeney and Vannote 1986; Elliot 1987) . Although only one of several factors influencing growth and voltinism, temperature is thought to be of primary significance because of its direct effects on development, assimilation, and respiration (Vannote and Sweeney 1980) . On a continental scale, temporal and spatial variation of thermal regime is generally related to latitude, altitude, and proximity to the sea (Ward 1985) . Nested within these large-scale patterns are the effects of more local factors (e.g. landform, pattern of land use, hydrology, and vegetative cover), which may result in distinctly different thermal regimes among nearby streams. Although the potential influence of such thermal variation on the production and turnover of invertebrate populations inhabiting different streams has been acknowledged (cf. Benke et al. 1988) , attempts at quantifying the magnitude of the bioenergetic response of invertebrate populations to such thermal variation are rare (Short et al. 1987 ). This information is critical for further understanding life history phenomena and bioenergetics at the landscape level (cf. Benke etal. 1988) .
The objectives of this paper are to develop general empirical models that will describe how thermal regime can influence rates of growth, biomass turnover, and voltinism of larval midge communities (Diptera: Chironomidae) inhabiting different streams draining an Appalachian Mountain basin.
Study area
The study was performed at the Coweeta Hydrologic Laboratory, which is in the Blue Table 1 Ridge physiographic province of western North Carolina. The Coweeta basin is a 1,626-ha mountain basin with an eastern aspect that results in a relatively xeric, southfacing slope and a more mesic north-facing slope (Fig. 1 ). Elevations range from 675 to 1,592 m. The climate is wet and mesothermal (Swift et al. 1988) . Annual precipitation varies with altitude and ranges from ~ 177 cm at lower elevations to ~245 cm higher up. From 1984 From -1988 , however, a severe drought affected western North Carolina and precipitation was greatly reduced. Mean annual temperature, measured at a low-elevation site, is ~ 13°C (based on a 50-yr average, but varies with elevation, aspect, and plant cover. Temperature extremes have ranged from -28°C in January 1985 to 37°C in July 1952 (Swift etal. 1988) . Before 1930, much of the basin was subject to logging. Since then, logging, from clearcutting to removal of only the understory, has been restricted to experimental treatments of selected catchments. Other general disturbances include chestnut blight (1930) (1931) (1932) (1933) (1934) (1935) (1936) (1937) (1938) (1939) (1940) (1941) (1942) (1943) (1944) (1945) and basin-wide application of DDT to control an outbreak of elm spanworm (Grzenda et al. 1964) . Detailed climatic and descriptive data for the Coweeta basin and its various experimental catchments are available (see Swank and Crossley 1988) .
Upper Ball Creek (watershed 27, WS27 hereafter) and Hugh White Creek (WS14) are high gradient, and heavily shaded second-order streams, differing primarily in elevation ( Fig. 1 1977 and has since been undergoing secondary succession. Erosion, primarily from road building associated with clearcutting, has resulted in a high bedload of sand within the stream channel. The increased insolation of the riparian soil following clearcutting resulted in increases in water temperature that were apparent for at least 5 yr (Swift 1982) . Watershed 53 is a low-elevation catchment drained by an unnamed first-order stream. The discharge of this stream is highly dominated by groundwater, which results in a relatively stable temperature regime. The vegetation of WS53 has been undisturbed since ~ 1929; the stream, however, was subject to treatment by an insecticide in 1979 and has since been undergoing recovery ). Recovery of the faunal richness appears to be complete (J. B. Wallace et al. pers. comm.) . Watersheds 7 and 53 have southern aspects and, consequently, are more insolated than WS14 and WS27. More detailed descriptions are available for Big Hurricane Branch and Hugh White Creek (Gurtz and Wallace 1984) , for Upper Ball Creek (Huryn and Wallace 1987) , and for WS53 ). Streams are designated by catchment number for the remainder of this paper.
Materials and methods
Temperature measurement-Temperalure data were gathered with either chart (WS53) or digital (WS7, WS14, WS27) remote recorders. Temperature data for WS7 and WS 14 were obtained from the data archives of the Coweeta Hydrologic Laboratory as daily maxima and minima. Temperature data from WS53 were obtained from J. B. Wallace and associates (Univ. Georgia).
Growth rates-Measurements of chironomid growth rates were restricted to assemblages of nontanypodine taxa which inhabited litter accumulations in WS7, WS14, and WS27. The methods and growth chambers described by Huryn and Wallace (1986) were used to obtain daily growth rates (g). This method is based on the assumption that changes in average weight of groups of chironomid larvae initially of similar size and representative of the richness and relative abundance of taxa in the stream can be used to estimate a weighted growth rate that reflects the community as a whole. Four length classes were selected: <1.5 mm, 1.5-2.5 mm, 2.5-3.5 mm, and 4.5+ mm. For each stream, specimens were obtained by collecting all larvae encountered in samples of leaf litter over an 8-h period. All specimens collected were measured (to the nearest 80 Mm) and, without regard to taxon, placed in growth chambers containing conditioned red maple (Acer rubrum L.) litter as a substrate (4-6 leaves). Litter was conditioned in stream water for ~ 2 weeks and refrigerated.
The growth chambers were placed in the study streams and incubated for 7-15 d. Estimates of change in average larval biomass before and after incubation were used to calculate g. Larval ash-free dry mass (AFDM) was estimated from a least-squares regression with log-transformed larval length as the independent variable and log-trans-formed AFDM as the dependent variable. Specimens used for weighing were selected, without regard to taxon, from Formalinpreserved samples, dried (55°C) for 24 h, then desiccated (over CaCO 3 ) for an additional 24 h, weighed to the nearest microgram (Cahn 23 electrobalance) to obtain dry mass, ashed (490°C) for 1 h, and then reweighed to obtain AFDM. The densities of individuals placed in each chamber varied with relative availability. Incubations for each size class were performed in November 1986 and January, February, March, April, and July 1987 in WS14 and WS7. The schedule was selected to cover the range of thermal variation in each stream. Growth rates from WS27 were obtained from Huryn and Wallace (1986) . Because the methodology is dependent on community averages, only those cases where the number of larvae recovered was > 5 were assumed to be adequate for estimation of community g. All other cases were excluded from further analysis.
Effect of substrate-To assay the influence of substrate type on larval growth, I assayed three chambers each of conditioned red maple leaves, rhododendron (Rhododendron maximum L.) leaves, or polyethylene strips during late July 1987 in WS14. Larvae were introduced to the chambers following the standard protocol (see above). Substrate was conditioned in mesh bags (see below) placed in the study stream 2 weeks before incubation. The conditioned substrate material was rinsed with stream water and examined under magnification to ensure that no macroinvertebrates were inadvertently introduced to the chambers. One-way ANOVA was used to test for the effect of substrate on growth.
Standing stocks: Abundance and biomass-Estimates of the distribution of numbers and biomass among different length classes of chironomid larvae were obtained from litter bags placed in WS7, WS 14, WS27, and WS53. For WS7, WS14, and WS27, each litter bag (15 x 30 cm with 5-mm mesh) contained ~ 10 g dry mass of red maple leaves. On 16 September 1986, nine bags were placed within 50 m above the weir of each stream; thereafter, three bags were collected (18 dates) with replacement at 3-week intervals through 22 November 1987 . This schedule allowed for an incubation period of ~9 weeks per bag. The red maple litter bags from WS53 were constructed, placed, and retrieved during 1985 and 1986 following Wallace et al. (1982) and were part of a separate study (J. B. Wallace and T. F. Cuffhey unpubl.). Sediment, detritus, and associated fauna were washed from the bags into a 100-/im sieve and preserved in a 10% Formalin solution containing a small amount of phloxine B dye. This material was later subsampled to an eighth of the original volume following Waters (1969a) , and the chironomid larvae were removed by hand under 8 x magnification. Larvae were slide mounted, identified to genus, counted, and their lengths measured. Each larva was assigned to one of 10 length classes (range 0.4 mm through 5 mm+) which were then converted to mass classes with the geometric mean of each length class's boundary and Eq. 1 (see Table 5 ). A geometric mean rather than an arithmetic mean was used due to the allometric relationship between larval length and mass. All samples were combined to calculate an average individual mass-frequency distribution for the litter bags from each stream. The distribution of biomass among mass classes was calculated as the product of mean annual larval abundance and the mass class. Total standing-stock biomass was obtained by summing biomass values for all mass classes.
Statistical analysis-Growth data were analyzed with multiple linear regression. The independent variables were temperature and mean initial length; g was the dependent variable. A negative exponential relationship between length and g was anticipated (e.g. Konstantinov 1958) , so lengths were log-transformed [In (mm)]. Since length measurements were performed on active larvae, a relatively low precision was assumed and lengths were rounded to the nearest 0.5 mm. The resultant equations were compared to test whether the regressions could be drawn from the same population regression function (Zar 1984 . To obta production per littt production values 1986-31 October 1 calculated the turm nual production/a; P/B). On the assun and mortality cun ratio is a direct est; rate (G) (cf. P = G 1969ft) and is usec measure of overall the chironomid co; spatial variation of out the basin.
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Empirical model: Spatial patterns of growth-The general equation was used to calculate daily g values for each of the study streams. All temperature data were reduced to daily maxima and minima and the average of these was used to calculate g values for each of 10 size classes (see above). Products of the annual mean biomass of each size class (see standing stocks) and a sizeand temperature-specific g value were then summed daily to estimate production (litter bag)" 1 d~'. To obtain an estimate of annual production per litter bag, I summed daily production values over 1 yr (1 November 1986 -31 October 1987 . From this value, I calculated the turnover rate of biomass (annual production/annual mean biomass = PIE). On the assumption that both growth and mortality curves are similar, the P: B ratio is a direct estimator of annual growth rate (G) (cf. P = GB and G = P/B, Waters 1969&) and is used here as a comparative measure of overall growth and turnover of the chironomid communities as affected by spatial variation of thermal regime throughout the basin.
Empirical model: Spatial patterns of voltinism-The general growth equation was used as the basis for a model of size-and temperature-dependent patterns of voltinism of chironomid populations. At Coweeta a number of chironomid taxa apparently start cohorts in late summer (pers. obs.). Therefore, the growth model began on 1 September for larvae 0.5 mm long. The general equation was iterated daily through 31 August, and each daily growth increment was added to the individual's biomass of the previous day. Daily changes in length were obtained with the resultant daily biomass values and Eq. 1. Growth was terminated when larvae of each cohort reached 2, 3, 4, 5, or 6 mm, length was reset to 0.5 mm, and growth was resumed. Allowing for periods of no growth due to pupation, adult preoviposition period, and egg development required a 16-d period before growth resumed. This value is the sum of the median time required for each of these developmental stages as reported for several genera: pupation, 1-10 d (Hilsenhoff 1966; Oliver 1971; LeSage and Harrison 1980) ; preoviposition, 1-5 d (Hilsenhoff 1966; LeSage and Harrison 1980) ; egg development, 2-14 d (Hilsenhoff 1966; Ward and Cummins 1978; Menzie 1981) . Length classes were chosen to represent terminal lengths that characterize various chironomid taxa common to Coweeta streams: 2-3 mm (Corynoneura, Stilocladius), 4-5 mm (Heleniella), 5-6 mm (Micropsectra, Parametriocnemns, Rheocricotopus), and 6 + mm (Pseudorthodadius).
The model was executed for each length class with daily temperature data from WS27 and WS53, which included the extremes of thermal regimes observed among first-and second-order streams at Coweeta. The descriptive power of the model was assessed by comparing predicted patterns of voltinism with those empirically derived with length-frequency histograms for the more common taxa taken from the litter bags. The resulting model is used here to predict the range in voltinism expected for litterinhabiting chironomids in streams throughout the basin.
Results
Temperature-WS27 exhibited the coolest temperature, due to its higher altitude and N-NE aspect (Table 2 ). WS53 had the warmest and most consistent temperature (12.7°C), due to a discharge dominated by groundwater, relatively low elevation, and S-SE aspect. In the undisturbed streams, the average diel temperature fluctuation was usually < 1.0°. In WS7 the average temper- Table 3 . Size-and temperature-specific growth data used to derive growth rates and regression equations used in this study. Li-Average initial length rounded to the nearest 0.5 mm; Mi and Mf-average initial and final mass Gig) of individuals placed in growth chambers; ni and nf-initial and final numbers of individuals observed; t-number of days incubated; g-daily growth rate; 7"-average stream temperature (°C). Due to the allometric relationship between length and mass (see Eq. 1), Li and Mi are not directly proportional. Similar data for WS27 were obtained from Huryn and Wallace (1986) Table 5 ). The calculated from th cy distribution wa ter bag. Huryn and Wallace (1986) . Cases where n < 5 were excluded from the analysis (see text).
where M is larval mass (^g) and L is length (range, 0.9-12.1 mm). This expression is based on the same data used to derive the length-weight relationship of Huryn and Wallace (1986) with the addition of 21 larger specimens to extend its predictive range. The mean annual size-frequency distributions for chironomids inhabiting litter bags in WS7, WS14, WS27, and WS53 were remarkably similar (see Table 5 ) and not significantly different (x 2 contingency table analysis, x 2 = 38.58, df = 27, P > 0.05). Therefore, abundances for each category were averaged among streams to estimate a single, overall size-frequency distribution (see Table 5 ). The standing stock biomass calculated from the resultant mass-frequency distribution was 2.47 mg AFDM per litter bag. Growth-Size-and temperature-specific growth data used to describe chironomid growth in WS27 were taken from Huryn and Wallace (1986) , exclusive of those cases where n < 5 (see above). The other data are original (Table 3) . Of the two significant (P < 0.05) predictors, temperature correlated positively and length correlated negatively with g (Table 4 ). Neither before nor after incubation was g significantly (P > 0.05, multiple linear regression) related to density of larvae within the growth chambers. Coefficients of multiple determination (R 2 = 0.71-0.82) for the regressions indicated that the independent variables chosen explained a substantial proportion of the observed variance and are useful as descriptive equations (Table 4) .
Comparison of the equations derived for each stream revealed no significant differences (F = 2.06, df = 6,45; P > 0.10). Therefore, the data were combined to yield g= 0.051 -0.068 ln(L) + 0.006r (2) (P < 0.0001;.R 2 = 0.74) where g is the daily growth rate (% d~'), L the length of larva (mm), and Tthe average daily temperature (°C). Lengths ranged from 1 to 5 mm, and the range of temperatures was 2.3°-19.0°C (Table 3 ; Huryn and Wallace 1986) . Standard errors associated with estimates of g were substantial, as would be expected considering the range of stream types and family-level resolution, and ranged from 31 to 119% when the equation was used with mean 1986 temperatures and an intermediate length class (2.6 mm) at all sites. At lower temperatures and larger length classes, negative g values were predicted (Fig. 2) , apparently due to loss of mass and volume by the larger larvae during periods of cold torpor. The similar size (Table 5 ) and taxonomic structure (Table 6 ) observed among the streams suggest that the greater apparent importance of larval size vs. temperature observed in WS7 ( turnover rates within the basin were exemplified by the high-elevation second-order stream with a N-NE aspect (WS27) and the low-elevation first-order stream with a S aspect (WS53) (Fig. 1) where the predicted difference in annual biomass turnover was 31%. Previously, Huryn and Wallace (1986) reported P: B values of 42 for WS53. In that study, however, both the g values and the standing stock biomass used to calculate production were mean values unadjusted for an uneven distribution of biomass among size classes. Since most biomass was contributed by animals in the larger size classes, the use of a mean g value that described growth for larvae of smaller size classes resulted in an unrealistically high production estimate and an inflated P: B ratio.
The range of voltinism of chironomids predicted among the study streams was highly dependent on the influence of both larval size and temperature. The spatial variation of thermal regime among the study streams was predicted to have rather subtle effects on the range of voltinism within the smaller length classes. For example, larvae that completed growth at 2 mm were apparently little affected by thermal regime and were predicted to pass through a continuous series of cohorts throughout the year in all streams. Growth was predicted to be somewhat retarded in the cooler stream during winter months, which resulted in six cohorts being predicted annually in WS27 compared to seven for WS53 (cf. Fig. 3 ). For larvae attaining larger length classes, the effects of both temperature and larval size became more pronounced, especially within Fig. 3 . Solid line-ran; of voltinism predicted fo chironomid larvae in a h N-NE aspect in the Cowec but for a low-elevation > Letters indicate abundant apparent voltinism was o dicate uncertainty in the i per year. M-Corynonew\ B-Stilocladius, 4 (WS27); Heleniella, 2 (WS14, WS. 2, possibly 3 (WS7, WSl Rheocricotopus (WS7, WS (WS7), 2; G-Pseudortho the lower temperat pounded effect suggi ter cohort, most a) stream, followed b; oping spring and sui 4). The model indica range of voltinism si 4-mm size class whe were predicted for tl streams (Fig. 4) . Biv for the 5-mm length for the 6-mm length bivoltinism were pr and warmest stream
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Terminal Length (mm) Fig. 3 . Solid line-range of size-dependent patterns of voltinism predicted for different length classes of chironomid larvae in a high-elevation stream with a N-NE aspect in the Coweeta basin; broken line-same, but for a low-elevation stream with a S-SE aspect. Letters indicate abundant chironomid taxa for which apparent voltinism was observed; question marks indicate uncertainty in the number of observed cohorts per year. A?-Corynoneura, 8-9 + (WS7, WS14, WS27); K-Stilodadius, 4 (WS27); C-Heleniella. 3 (WS7); DHeleniella, 2 (WS14, WS27); Ef-Parametriocnemus, 2, possibly 3 (WS7, WS14, WS27); f-Micropsectra, Rheocricotopus (WS7, WS14, WS27) and Polypedilum (WS7), 2; G-Pseudorthocladius, probably 1 (WS7).
the lower temperature range. This compounded effect suggested an extended winter cohort, most apparent in the coolest stream, followed by more rapidly developing spring and summer cohorts (e.g. Fig.  4) . The model indicated that the basin-wide range of voltinism should be greatest for the 4-mm size class where two and four cohorts were predicted for the coolest and warmest streams (Fig. 4) . Bivoltinism was predicted for the 5-mm length class in all streams, and for the 6-mm length class, univoltinism and bivoltinism were predicted for the coolest and warmest stream, respectively.
Most information concerning the growth and production of lotic invertebrates is confined to single streams, often single habitats (Benke et al. 1988) . Consequently, the expected spatial variation of these phenomena throughout a given biome or even across localized landscapes is largely unknown. The present study provides evidence that for a bioenergetically significant component of many lotic invertebrate communities-the Chirpnomidae-spatial variation of G values on the order of 31 % can be expected across a local landform (<30 km 2 ) within WS 53
ONDJFMAMJJA Fig. 4 . Comparison of temporal patterns of voltinism predicted for chironomid larvae attaining a terminal length of 4 mm in WS27 and WS53.
this mountain basin (Fig. 1) . Although probably often subtle, variations among the ecological processes that these organisms mediate, such as material processing and export (Wallace et al. 1982) and nutrient cycling (Seastedt and Crossley 1984) , should be correlated with variations in G as predicted here.
Temperature and larval length proved to be powerful predictors of g for the chironomid communities examined at Coweeta. Size-and temperature-dependent growth has been often documented for larval chironomids (Konstantinov 1958; Mackey 1977; Huryn and Wallace 1986) ; by incorporating both parameters into the regressions, the potentially confounding effect of changes in larval size on temperature-dependent growth was avoided (cf. Hawkins 1986; Morin et al. 1988) .
The chosen substrate, conditioned leaves of red maple, apparently had no influence on growth compared to alternative substrates, indicating that the larvae fed primarily on fine organic material that continually entered the chambers. This interpretation is further supported by the observation that larvae frequently constructed retreats on the chamber walls rather than on the leaf material.
The regression equations indicated that, CORYNONEURA P P PPPPPPPP p 3.4 2.6 1.8 1.0 pB g. based on community averages, growth within the community studied is a function of larval size and temperature. Taxa that pupate at smaller larval sizes may maintain higher g values throughout their life cycles than those that must attain larger sizes. Smaller larvae should also be able to maintain relatively high growth rates during winter when growth of larger larvae will be severely curtailed (Fig. 2) . Therefore, if we assume that there is no appreciable lag between emergence and the appearance of early instar larvae, which appears to be the case at Coweeta for many chironomid genera (cf. Fig. 5 for a few examples) , taxa that are characterized by a small terminal larval size may maintain relatively high G values while producing relatively great numbers of cohorts year-round (Figs. 3 and 5 A) . Such taxa are expected to be relatively opportunistic (sensu The second assi at the same size, s first-instar larvae smallest and lara served within the neura and Pseudo only 0.43 to 0.68 i mm).
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The results of ti :nce and the appearance of earte, which appears to be the case ir many chironomid genera (cf. few examples), taxa that are by a small terminal larval size i relatively high G values while latively great numbers of coimd (Figs. 3 and 5A ). Such taxa to be relatively opportunistic •fs 1979). ism model was based on several critical assumptions: that members of each cohort achieve the same terminal length throughout the year; that larvae of taxa reaching different terminal lengths hatch at the same size; and that recruitment occurs 16 d after completion of larval growth. The first assumption is obviously not entirely valid. Populations of insect larvae developing under different thermal regimes may attain different terminal sizes due to the relationship between respiration and growth (Vannote and Sweeney 1980; Rempel and Carter 19876) . For example, a negative relationship between temperature and terminal size has been observed for several chironomids (Konstantinov 1958; Rempel and Carter 1987a) . Measurements of prepupal lengths of Corynoneura, a common midge that emerges throughout the year at Coweeta, were incorporated into the model to estimate the effect of seasonal changes in terminal length on voltinism. In both the coolest (WS27) and the warmest (WS53) stream, no more than one additional cohort was predicted when the annual pattern of terminal size variation was considered (Fig.  6) .
The second assumption, that larvae hatch at the same size, seems realistic. Lengths for first-instar larvae of taxa representing the smallest and largest terminal lengths observed within the study streams-Corynoneura and Pseudorthodadius-ranged from only 0.43 to 0.68 mm (geometric mean, 0.54 mm).
The third assumption, that recruitment occurs within 2-3 weeks after completion of larval growth, also seems to be generally valid for Coweeta. For all taxa examined (22+), larvae in various stages of growth were apparent throughout the year (e.g. Fig.  5A -D, and unpubl. data), suggesting no extended lag, such as diapause or aestivation, between emergence and larval recruitment. Duration of pupation, adult preoviposition, and egg development have, however, been shown to be temperature-dependent (HilsenhofF 1966) , so the lag period between pupation and larval recruitment is probably somewhat shorter during summer and longer during winter than the sum of the median literature values used here.
The results of the model indicate that only
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A M J J A Fig. 6 . Influence of seasonal variation in larval size on voltinism predicted for Corynoneura in WS27 and WS53. Seasonal variation in terminal length was estimated from monthly measurements of prepupae (cf. Fig. 5A ).
minor differences in voltinism may be expected throughout the Coweeta basin (Fig.  3) . Because cohort development for many chironomid taxa inhabiting litter bags at all sites could not be clearly interpreted, the opportunity for an unequivocal direct examination of spatial patterns of voltinism was not available. At various sites, however, several of the dominant taxa (Table  6) , representing a wide range of terminal size classes, exhibited cohorts that were discrete enough to allow comparison of observed voltinism with the size-dependent voltinism predicted by the model. Corynoneura, for example, reaches a terminal size class of ~ 1.5-2.5 mm, and its life cycle (Fig. 5A ) matched the size-voltinism predictions of the model well: continuous emergence throughout the year (Figs.  3 and 6) . Heleniella, which reaches 4.5 mm, exhibited an apparently bivoltine or trivoltine life cycle that closely resembled the model prediction for that size class: a cohort of relatively long duration extending from September through April followed by one (WS14, WS27) or two (WS7, Fig. 5B ) successive short cohorts from April through September (cf. Figs. 3 and 5B). Micropsectra, representative of the 5.5-mm size class, exhibited an apparently bivoltine life cycle (WS7, WS27, and WS14, Fig. 5C ). Although never abundant at Coweeta, Pseudorthocladius approached 7 mm and was apparently univoltine (WS7, Fig. 5D ). Patterns of voltinism observed for both Micropsectra and Pseudorthocladius complement predictions by the model for the respective size classes (Fig. 3) . Several other taxa for which patterns of voltinism were discernible compare favorably to the predictions of the model (Fig. 3) . These comparisons indicate that the size-and temperature-based model used here is a realistic predictor of voltinism for the more abundant and widespread chironomid taxa inhabiting litter accumulations in streams in the Coweeta basin.
Exceptions to size-dependent voltinism have been observed in chironomid communities elsewhere (Lindegaard and Mortensen 1988) and, at Coweeta, are expected to occur among taxa that are restricted to seasonal foods and to certain habitats, e.g. shifting sands. Mackey (1977) showed that qualitative differences in the diet of Ablabesmyia monolis L. influenced both length of development and rate of growth. Probably the life cycles of taxa that feed almost exclusively on epilithic diatoms during spring, such as some Eukieferiella spp. (pers. obs.), are similarly influenced. Stites and Benke (1989) reported that for a blackwater stream in the southeastern U.S., Lopescladius and Rheosmhtia, which are restricted to habitats of shifting sand, exhibited growth rates that were significantly lower than those taxa found in other habitats. At Coweeta, Lopescladius and Rheosmhtia also occur in sand habitats (pers. obs.) and, assuming a relationship between g and voltinism, are expected to produce fewer generations per year than predicted by the model.
The influence of elevation and aspect among the various catchments in the Coweeta basin is clearly reflected in the thermal regimes of their streams. The resulting G values calculated for chironomid communities inhabiting litter within these streams are products of a specific thermal regime and a community size distribution. The lack of significant differences among the size distributions of larvae in the study streams suggests that differences in chironomid G values throughout the basin may be a simple function of temperature. Therefore, the model presented here indicates that the spatial pattern of thermal variation may be the primary determinant of spatial patterns of G for the midge communities examined at Coweeta.
